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Abstract

Introduction: TKH�XsH�RI�FDUGLRSXOPRQDU\�E\SDss��&3%��Ls�QHFHssDU\�GXULQJ�WKH�UHSDLU�RI�PRsW�FRQJHQLWDO�KHDUW�GLsHDsH�
�&+'��� 7KH� sXUIDFH� DUHD� RI� WKH�&3%� FLUFXLW� DQG� WKH� YROXPH� RI� WKH� ILOOLQJ� SULPH� DUH� UHODWLYHO\� ODUJH� FRQFHUQLQJ� WKH� YROXPH�RI�
QHRQDWDO� DQG� SHGLDWULF� SDWLHQWs�� &RQsHTXHQWO\�� EORRG� Ls� RIWHQ� UHTXLUHG� WR� PDLQWDLQ� DQ� DGHTXDWH� KDHPDWRFULW� �+&7�� OHYHO�
WKURXJKRXW�WKH�SURFHGXUH. 

Objective: To evaluate the effects of ultrafiltration (UF) of the blood prime from the cardiopulmonary bypass circuit in 
children undergoing surgical procedures to correct heart disease. 

Methods: This is a prospective interventional study with convenience sampling of fifty-five children undergoing elective 
FDUGLDF�sXUJHU\�WKDW�XsHG�&3%��3DWLHQWs�DJHG���WR����\HDUs�DQG�����NJ�ZHUH�LQFOXGHG�LQ�WKLs�sWXG\��7KH�FKLOGUHQ�ZHUH�DssLJQHG�to 
one of two groups as follows: control group (group 1) not using ultrafiltration of blood prime and experimental group (group 2)�
with UF of the prime before CPB. Blood samples were obtained for analysis of CPB circuit prime, during the intraoperative and�
after surgery in immediate postoperative period (IPO). The duration of mechanical ventilation (MV), intensive care unit (ICU) stay,�
and length of postoperative hospital stay were compared between the 2 groups.

Results: Levels of glucose, potassium and lactate values demonstrated a significant decrease after prime ultrafiltration in 
group 2, however an increase in sodium values was revealed (p= <0,001). In the present study, to postoperative clinical outcomes, 
there was not difference between groups in the duration of mechanical ventilation and ICU stay. However, length of postoperative 
hospital stay, group 1 demonstrated longer time in comparison with the group 2 [13 (6 – 35) vs 9 (6 – 34); Median (interquartile 
range) and p= 0.032]. Group 2 demonstrated lower lactate values in intraoperative and in the immediate postoperative period 
(p= 0.008). It was observed in the first postoperative 24 hours, stability in lactate levels between the groups. 

Conclusion: Analysis of intraoperative and postoperative laboratory outcomes showed overall stability in blood parameters, 
with some specific variations in potassium and lactate levels. The observation of a shorter hospital stay in the group that had the 
prime ultrafiltration, it is suggested that this technique may help shorten the hospitalization period. 

INTRODUCTION

Congenital heart disease (CHD) is characterized by 
malformation of the cardiac anatomy or the great intrathoracic 
vessels, causing significant cardiocirculatory alterations.1,2 
Congenital heart defects are one of the main causes of 
infant mortality in children under 1 year of age and are the 
result of an embryonic alteration of the heart's structure and 
function.3 These defects are classified according to anatomical 
findings and present a wide variety of isolated and associated 
defects.4,5 The majority of patients with CHD, around 80%, will 
require some cardiac procedure throughout their lives.6 The 

surgery aims to increase survival and improve the quality of life 
of these individuals.7,8  

The use of cardiopulmonary bypass (&P%) is necessary  
during the repair of most &+D. The surface area of the &P%  
circuit and the volume of the filling prime are relatively large  
concerning the volume of neonatal and pediatric patients. 
&onseTuently, blood is often reTuired to maintain an adeTuate 
haematocrit (+&T) level throughout the procedure.9,10,11 

High potassium levels, the presence of free 
hemoglobin, fragments of pro-inflammatory cytokines (IL-8 
and TNF-α), and significant lactate concentration rates can 
be found in stored red blood cell (RBC) concentrates. 10 It is 
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essential to reduce the negative effects related to the addition 
of blood to the circuit and thus improve the postoperative 
outcome of patients. Washing the RBC used in CPB reduces 
the levels of metabolites and electrolytes. However, as far as 
attenuating the systemic inflammatory response syndrome 
(SIRS) is concerned, there is no conclusive data on whether 
the technique causes any major effects. 12, 13 The RBC has been 
associated with increased bleeding, longer hospital stays, and 
higher in-hospital mortality rates.14  

Over the years, various approaches have been 
developed to mitigate the effects of blood prime during 
cardiopulmonary bypass, such as blood washing with recovery 
devices and pre-CPB ultrafiltration (UF). Among these, pre-
bypass UF of the prime solution has proven to be a more 
feasible and straightforward strategy, as it does not require 
the use of additional materials or circuit modifications and is 
less likely to induce hemolysis. 15,16 

  This study evaluated the potential benefits of 
ultrafiltration of the blood prime in the cardiopulmonary 
bypass circuit during surgical procedures in patients with 
congenital heart disease. 

METHODS 

This is a prospective, non-randomized interventional 
study with convenience sampling carried out in the Surgery 
Division of the Instituto Dante Pazzanese de Cardiologia 
(IDPC), located in the city of São Paulo — SP.  This study was 
approved by the Research Ethics Committee under registration 
number CAAE: 53483721.0.0000.5462. Patients undergoing 
elective cardiovascular surgery using cardiopulmonary bypass 
were eligible for the study. 

The patient selection process was based on 
convenience, depending on the availability of the surgical team, 
which determined the allocation into groups. Although the 
study was not randomized� the baseline characteristics of both 
groups were similar, minimizing the risk of selection bias. The 
study covered a population sample of individuals aged between 
0 and 10 years and weighing � 25 kg. All underwent surgery 
to repair atrial septal defects (ASD), ventricular septal defects 
(VSD) and atrioventricular septal defects (AVSD). Patients in 
critical condition before surgery, with serious associated 
comorbidities, a known diagnosis of hematological diseases, 
and polytransfused patients were e[cluded from the study. 

A careful selection of 55 children undergoing elective 
cardiovascular surgery was carried out, and the children's legal 
representatives were fully informed about the objectives and 
procedures of the research. In addition, all those responsible 
voluntarily agreed, formalizing their approval by signing the 
Informed Consent Form (ICF). The participants were divided 
into group 1 and group 2. 

Anesthetic technique  
General anesthesia in patients without peripheral 

access was induced under a face mask with 3% sevoflurane 
until venoclysis. Standard anesthesia was then performed 
with an intravenous infusion of midazolam 0.1-0.2 mg/kg, 

fentanyl 1-2 mcg/kg, and cisatracurium 0.15 mg/kg. 
After orotracheal intubation (OTI), radial artery punctures and 
central venous access were performed. Anesthesia was 
maintained with sevoflurane 1% and dexmedetomidine on 
a continuous infusion pump 0.2 to 0.7 mcg/kg/h. The 
total opioid dose during surgery was 10-20 mcg/kg, and 
midazolam 0.2 mg/kg was administered at the entrance and 
exit of the CPB, according to hemodynamic parameters. 

CPB procedure 
The CPB circuit was prepared in a standardized way for 

all patients. The equipment used consisted of: KIDS D100 or 
D101 hollow fiber oxygenator (Livanova, Mirandola, Italy), tube 
sets (Livanova, Mirandola, Italy), Revolution centrifugal pump 
(Livanova, Mirandola, Italy) and DHF 0.2 hemoconcentrator 
(Livanova, Mirandola, Italy). Cardiopulmonary bypass was 
started when the activated clotting time (ACT) exceeded 480 
seconds.  

Cardioplegia was administered using the Del Nido 
solution, prepared and delivered in a 1:4 blood-to-crystalloid 
ratio, at a temperature of 4°C. A single antegrade dose of 
20 mL/kg was administered after aortic cross-clamping, with 
redosing considered only if the cross-clamp time exceeded 60 
minutes. The Del Nido protocol was chosen due to its proven 
efficacy in myocardial protection during pediatric surgeries, 
allowing prolonged cardiac arrest with a single dose and 
reducing interruptions during the procedure. The patients were 
kept in moderate hypothermia (28°C) and the flow rates used 
varied between (100 mL/kg/min - 200 mL/kg/min), the pH-
stat strategy was adopted throughout the procedure. 

At the end of the procedure, the children were 
gradually rewarmed to 36.5º, and then aortic declamping was 
performed. After leaving cardiopulmonary bypass, protamine 
was administered to reverse the anticoagulant effect of heparin.  

Ultrafiltration of prime 
In all the children the prime consisted of Ringer's 

solution (300-500 mL), 100 IU/kg of heparin, and 10 mL of 
8.4% sodium bicarbonate. The volume (in mL) of RBC that was 
used in the prime to provide the patient with a HCT of around 
25% - 30% was obtained using the following equation:  

*Patient weight x 80
60= HCT of packed RBC

In both groups, blood was circulated at a temperature 
of 36.5°C for 5 minutes at a rate of 300 m//min and then 
samples were taken to serve as a baseline. In group 1, blood was 
kept circulating until the onset of cardiopulmonary bypass. However, 
in group 2, the strategy used was to ultrafiltrate the prime, add 
1000 m/ of Ringer's solution and then remove the same amount. A 
sample was then taken for laboratory analysis. 
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Variable Group 1 (23) Group 2 (32) P

Age (in years) 2.00 (0.2 – 10) 1.9 (0.6 – 8) 0.183 1

Sex (male) 10 (43.5%) 19 (59.4%) 0.244 2

Weight (kg) 12 (5 – 25) 9.1(4 – 25) 0.183 1

Surgery time (min) 210 (120 – 360) 195 (130 – 405) 0.516 1

CPB time (min) 90 (30 – 200) 72 (45 – 165) 0.706 1

Anoxia time (min) 55 (17 – 140) 48 (21 – 107) 0.824 1

Procedure

ASD 3 (13%) 4 (12.5%) 0.225 2

VSD 15 (65.2%) 26 (81.3%)

AVSD Total 5 (21.7%) 2 (6.3%)

Table 1

Variable Group 1 (23) Group 2 (32) P*

MV time (hours) 11 (2 – 240) 9.5 (3 – 74) 0.669

ICU time (days) 3 (2 – 28) 3 (2 – 27) 0.816

Total length of stay (days) 13 (6 – 35) 9 (6 – 34) 0.032

Postoperative clinical resultsTable 2

Demographic and intraoperative data 
of the study population.

Variable
Group 1 (23) Group 2 (32)

P

Prime Prime (pre-UF)

Glucose (mg/dL) 84 (44 – 152) 112 (65 – 161) 0.008

Sodium (mmol/L) 152 (146 – 160) 141.5 (135- 150) <0.001

Potassium (mmol/L) 6.1 (4.6 – 9.4) 7.6 (2.7 –14.3) 0.006

Lactate (mmol/L) 4.1 (2.1 – 6.6) 4.6 (2.5 – 7.3) 0.322

Table 3 Laboratory data of the initial prime of groups 1 and 2

CPB: cardiopulmonary bypass; ASD: atrial septal defects; VSD: ventricular septal defects; AVSD Total:  
atrioventricular septal defect.
1 - Mann-Whitney test, 2 - Chi-square

MV: mechanical ventilation; ICU: intensive care unit.
*Mann-Whitney test

mg/dL:: milligrams per deciliter; mmol/L: millimoles per liter.
*Mann-Whitney test

Variable
Group 2 (32) Group 2 (32)

P

Prime (pre-UF) Prime (post-UF)

Glucose (mg/dL) 112 (65 – 161) 51 (28 – 105) < 0.001

Sodium (mmol/L) 141.5 (135 – 150) 160.5 (152 -168) < 0.001

Potassium (mmol/L) .7,6 (2.7 – 14.3) 3.1 (1.2 – 6.9) < 0.001

Lactate (mmol/L) 4.6 (2.5 – 7.3) 2.5 (1.4 – 5.6) < 0.001

Table 4 Laboratory data before and after blood prime 
ultrafiltration in group 2

pre-UF: pre-ultrafiltration; post-UF: post-ultrafiltration; mg/dL: milligrams per deciliter; mmol/L: millimoles per liter
*Mann-Whitney test
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Laboratory blood analysis 
The blood samples for laboratory analysis were taken 

via the patient's arterial catheter and the collections were 
divided into 4 times:  

T1: after induction of anesthesia; 
T2: at the beginning of CPB, before clamping the aorta; 
T3: at the end of CPB, after rewarming; 
T4: at the end of the surgical procedure. 
In the immediate postoperative period (IPO), further 

blood samples were taken at 2 different times: 
IPO1: after admission to the intensive care unit (ICU); 
IPO2: 24 hours after operation. 
Blood samples collected for arterial blood gas analysis 

were analyzed using a GEM® Premier™ 4000 automated 
analyzer. This analyzer measured the concentration of glucose 
(mg/dL), sodium (mmol/L), potassium (mmol/L) and lactate 
(mmol/L). 

Boxplot representing the distribution of hospital length of stay. The box limits indicate the first (Q1) and third (Q3) quartiles; the central line 
represents the median. Points outside the "whiskers" are considered outliers (atypical values).Figure 1

Variable
Group 2 (32) Group 2 (32)

P

Prime (pre-UF) Prime (post-UF)

Glucose (mg/dL) 84 (44 -152) 51 (28 – 105) < 0.001

Sodium (mmol/L) 152 (146 – 160) 160.5 (152 -168) < 0.001

Potassium (mmol/L) 6.1 (4.6 – 9.4) 3.1 (1.2 – 6.9) < 0.001

Lactate (mmol/L) 4.1 (2.1 – 6.6) 2.5 (1.4 – 5.6) < 0.001

Table 5
Laboratory data of the prime of group 1 and the 
post-ultrafiltration prime of group 2 (unchanged for 
group 1) before the start of CPB

post-UF: post-ultrafiltration; mg/dL: milligrams per deciliter; mmol/L: millimoles per liter
*Mann-Whitney test

Comprehensive patient information was collected, 
including individual characteristics, preoperative data, 
type of surgery performed, cardiopulmonary bypass 
parameters, mortality, duration of mechanical ventilation, 
ICU stay and length of postoperative hospitalization. 

Statistical analysis 
All samples included in this study were subjected 

to detailed statistical analysis using the SPSS version 25.0 
program. The assessment of normality of the data, which 
is crucial for the identification of significant differences 
(p<0.05) between the data sets, was performed using the 
Shapiro-Wilk test. Data that met the criteria for normal 
distribution were presented as mean ± standard deviation, 
while medians (interquartile range) were used for variables 
that were not normally distributed. 
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Table 7
Comparison of the laboratory levels of group 1 
and group 2 at postoperative periods

Variable IPO(1) IPO(2)

Glucose (mg/dL)
1 130 (83 – 258) 101 (59 – 138)

2 124.5 (44 – 216) 106 (65 – 230)

P  * 0.851 0.532

Sodium (mmol/L)
1 146 (139 – 166) 141 (134 – 159)

2 145.5 (138 – 153) 140 (134 – 160)

P  * 0.986 0.771

Potassium (mmol/L)
1 3.3 (2.7 – 4.6) 3.5 (2.6 – 4.4)

2 3.4 (2.2 – 4.8) 3.3 (2.6 – 4.4)

P  * 0.914 0.065

Lactate (mmol/L)
1 2.2 (1.3 – 4.5) 1.5 (1.0 – 2.3)

2 1.7 (0.9 – 5.3) 1.5 (0.8 – 4.0)

P  * 0.008 0.891

Variable T1 T2 T3 T4

Glucose (mg/dL)
1 85 (49 – 132) 97 (60 – 139) 116 (55 – 198) 151 (75 – 236)

2 88.5 (65 – 131) 93 (44 – 154) 115.5 (68 – 221) 132 (44 – 230)

P  * 0.278 0.834 0.878 0.093

Sodium (mmol/L)
1 134 (131 – 140) 139 (134 – 152) 142 (136 – 149) 144 (136 – 150)

2 134 (130 – 138) 138 (128 – 145) 143 (136 – 149) 143 (137 – 149)

P  * 0.289 0.487 0.342 0.734

Potassium (mmol/L)
1 3.7 (2.8 – 4.4) 4.0 (2.9 – 5.1) 3.8 (2.9 – 5.3) 3.7 (2.9 – 4.7)

2 3.8 (3.1 – 4.7) 3.4 (2.7 – 4.6) 3.8 (2.5 – 5.1) 3.8 (2.9 – 5.2)

P  * 0.35 <0.001 0.688 0.461

Lactate (mmol/L)
1 1.0 (0.6 – 1.8) 1.6 (1.0 – 3.1) 1.6 (0.9 – 3.7) 2.2 (1.0 – 5.0)

2 0.9 (0.5 – 2.2) 1.5 (0.9 – 4.1) 1.1 (0.6 – 3.8) 1.5 (0.7 – 5.4)

P  * 0.648 0.134 0.013 <0.001

Hematocrit (%)
1 32.0 (23 – 41) 29.0 (23 –36) 29.0 (25 –39) 38.0 (31 –47)

2 32.0 (25 –39) 28.5 (21 –33) 27.0 (24 –34) 38.0 (26 –48)

P  * 0,492 0,167 < 0,001 0,386

Table 6 Comparison of laboratory levels of group 1 and group 2 at intraoperative moments.

mg/dL: milligrams per deciliter; mmol/L: millimoles per liter; induction of anesthesia (T1); before aortic clamping (T2); rewarming of the patient on CPB (T3);  
end of the surgical procedure (T4).
*Mann-Whitney test

mg/dL: milligrams per deciliter; mmol/L: millimoles per liter; IPO: immediate postoperative period;  
admission to the ICU (IPO1); 24 hours postoperatively (IPO2).
*Mann-Whitney test
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that glucose levels tended to increase intraoperatively, but 
with no significant differences between groups. Sodium 
levels remained constant across all time points and showed 
no fluctuations. At time point T2, a difference in potassium 
levels was found between group 1 and group 2 [4.0 (2.9–5.1) 
vs 3.4 (2.7–4.6), p= < 0.001]. Significant differences were 
observed in lactate levels at time points T3 [1.6 (0.9–3.7) vs 
1.1 (0.6–3.8), p= 0.013] and T4 [2.2 (1.0–5.0) vs 1.5 (0.7–
5.4), p= < 0.001]. In some samples, the lowest hematocrit 
levels during CPB were 23.0% in Group 1 [29.0 (23–36)] and 
21.0% in Group 2 [28.5 (21–33)], both occurring in the early 
CPB phase T2.In IPO (1), lactate levels differed between group 
1 and group 2 [2.2 (1.3–4.5) vs 1.7 (0.9–5.3), p= 0.008]. In 
IPO (2), however, these values normalized [1.5 (1.0–2.3) vs 1.5 
(0.8–4.0), p= 0.891] (Table 7). 

DISCUSSION 

Ultrafiltration of CPB blood prime not only offers 
the possibility of extracting waste products and unwanted 
metabolites from the stored RBC, but also proves to be a 
versatile tool for providing more physiological electrolyte 
values. 

The values in the standard blood sample obtained in 
the CPB circuit showed differences. It is important to note that 
patients in group 1 had a higher median weight compared to 
group 2 [12 (5–25) vs 9.1 (4–25), p= 0.183]. The volume of 
the venous reservoir of the LILLIPUT 1 and KIDS D101 circuits 
was 425 mL and 1500 mL, respectively. Patients in group 1 
therefore used circuits with a larger volume. The different 
amount of crystalloids used together with the packed red blood 
cells may have influenced the results, especially with regard to 
glucose, sodium and potassium levels. It was observed that 
glucose levels were lower in group 1, while sodium levels were 
higher. An increase in the volume of crystalloid fluids may have 
diluted the glucose concentration in the first phase, while the 
sodium may have contributed to its increase. 

Shimpo et al. 17, in their study of pediatric patients, 
showed a decrease in sodium and potassium levels after 
ultrafiltration of blood prime in one of the groups studied. 
Gholampour et al.18 made it clear that zero-balance 
ultrafiltration using Ringer's (500 mL) was able to modify and 
reduce the baseline potassium, sodium, glucose, and lactate 
values of the prime of the CPB circuit. The results of this study 
corroborate the findings of Gholampour et al.18 and Shimpo 
et al .17 because in group 2 the pre- and post-UF prime values 
differed, with a reduction in potassium, glucose, and lactate 
values. However, when it came to sodium values, an increase 
was noted. Osthaus et al. 19 used 1000 mL of a crystalloid 
solution buffered with bicarbonate in their study, causing 
an increase in sodium values after ultrafiltration. The greater 
quantity of crystalloid solution used may be responsible for 
the increase in sodium values, since in this study a quantity of 
1000 mL of Ringer's was used as the wash volume. Confirming 
the findings of the present study, Ugaki et al. 12 in their in vivo 
study with an animal model, showed higher sodium values 

Comparisons between groups were performed with 
methodological rigor using Student's t-test for interval data 
with normal distribution. If the normal distribution was not 
met, the Mann-Whitney test for interval data was used. 
In addition, Pearson's chi-square test was used to assess 
associations between qualitative variables.  

RESULTS 

In the period from March 2022 to October 2023, 55 
elective congenital heart surgery patients were enrolled and 
completed the research protocol. Of these, 23 (41.8%) were 
from group 1 and 32 (58.2%) from group 2. The proportion 
of male patients was 43.5% in group 1 and 59.4% in group 2. 
The proportion of females was 56.5% in group 1 and 40.6% 
in group 2. There were no significant differences between the 
groups in terms of age, weight, surgery, CPB and anoxia time. 
Regarding the surgical procedure, ventricular septal defect 
repair was the most frequently performed procedure in both 
groups, with 15 patients (65.2%) in group 1 and 26 patients 
(81.3%) in group 2 (Table 1). 

Clinical outcomes  
There was no difference between the groups in terms 

of MV time and length of stay in the ICU. However, the 
median value for length of hospital stay was higher in group 
1 than in group 2 [13 (6 - 35) vs 9 (6 - 34); p= 0.032]. There 
were no deaths among the 55 participants during the time 
they were in the study (Table 2). Hospital stay duration was 
also assessed graphically using a boxplot (Figure 1). Despite 
similar interquartile ranges between the groups, a significant 
difference in medians was observed. The boxplot highlighted 
the presence of outliers at 21, 32, and 48 days, contributing 
to greater variability. These findings support the use of the 
median as a more appropriate measure of central tendency for 
this variable due to the skewed distribution. 

Laboratory outcomes 
As shown in Table 3, the values were compared 

between group 1 (prime) and group 2 (pre-UF): glucose (p= 
0.008), sodium (p= < 0.001), potassium (p= 0.006) and 
lactate (p= 0.322). Initial blood glucose and potassium levels 
in the CPB circuit were higher in group 2. Conversely, sodium 
levels were higher in group 1, while lactate levels showed no 
difference between the groups.  

Group 2 showed a significant difference when 
comparing the blood prime before and after ultrafiltration. 
The values for glucose, potassium and lactate decreased, while 
sodium increased in the post-UF sample (p=<0.001) (Table 
4). 

In Table 5, groups 1 and 2 showed a difference in the 
prime before starting CPB for the values of glucose, sodium, 
and potassium (p= <0.001) and lactate (p= 0.001).  

Table 6 shows that the patients' glucose, sodium, 
potassium and lactate levels during induction of anesthesia 
showed no differences between the groups. It was observed 
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post-ultrafiltration than pre-ultrafiltration, although there 
was no significant difference in the results, showing that the 
amount of 1500 mL of Ringer's lactate used to wash the 
blood prime may have influenced these values.  

Clinical outcomes  
When examining the clinical outcomes, the results 

presented show that there were no significant differences 
between group 1 and group 2 in terms of time spent on 
mechanical ventilation and length of stay in the ICU, indicating 
a similarity in these aspects. Kohlsaat et al. 20 also found no 
difference in their results regarding the length of mechanical 
ventilation, length of ICU stay, and hospital stay in pediatric 
patients undergoing cardiac surgery with blood prime.  
Nagashima et al. 21 revealed in their findings that the initial 
ultrafiltration technique reduced pulmonary dysfunction and 
mechanical ventilation time. Gholampour et al. 22 showed that 
the group in which zero prime blood balance was performed 
had a faster extubation time compared to the control group 
and that the length of stay in the ICU was shorter for patients 
in the latter group.   

However, when comparing hospitalization durations 
in this study, group 1 presented a higher median length of 
stay than group 2. This difference was statistically significant 
(p= 0.032), suggesting a potential influence of specific factors 
in group 1 that may prolong hospital stays. The presence of 
extreme values, as demonstrated in the boxplot, underscores 
the importance of using robust descriptive measures, such 
as the median, in the context of asymmetric distributions. 
These outliers likely reflect individual clinical complications or 
particular patient profiles, and their identification is essential 
for accurate interpretation. Despite similar interquartile ranges 
between groups, the significant difference in medians remains 
relevant and is reinforced by the graphical analysis. 

Gholampour et al. 22 suggest that the blood prime 
ultrafiltration technique reduces the risk of lesions induced by 
inflammatory mediators, as well as preventing an increase in 
these factors during and after CPB.  Nagashima et al. 21 reported 
that the initial reduction of the inflammatory response at the 
beginning of CPB may influence the attenuation of subsequent 
reactions, rather than directly removing all inflammatory 
mediators in the ultrafiltration of the initial prime. The study 
by Nagashima et al.21 suggests that the recirculation of 
blood in the CPB circuit before connection to the patient, 
together with hemofiltration, can consume the substrates of 
inflammation. This was proven by the significant decrease in 
the concentration of kininogen in the prime, which may be due 
to its consumption and adhesion to the circuit, and not due to 
hemofiltration and removal. This hypothesis is due to the lack 
of change in the values of albumin, which has a molecular 
weight of (70kDa), and kininogen, (78kDa), which should not 
be removed. Furthermore, other explanations for this are that 
the long recirculation of the prime may somehow improve the 
biocompatibility of the circuit surface. Thus, at the beginning 
of CPB, a layer of protein can suppress the inflammatory 
activation generated by contact with the patient's blood. 

What could explain the lack of clinical difference between the 
groups in this study is the assumption that both group 1 and 
group 2 had the same length of time the prime was circulating 
in the circuit.  

It is encouraging to note that there were no deaths 
during the research period, reflecting the safety and efficacy of 
the procedure for patients. This data reinforces the importance 
of continuous research and the application of strategies that 
contribute to the safety of patients undergoing congenital 
heart surgery. On the other hand, Kohlsaat et al. 20, in their 
study, found a 4% mortality rate in each group investigated; 
however, this result is not statistically significant. It is worth 
noting that the number of participants was 1,121 people, a 
larger number than in this survey. 

Intraoperative laboratory outcomes 
The initial results of the patients after induction of 

anesthesia show that the values were within the reference 
parameters, with no statistically significant difference between 
the groups. This initial homogeneity is crucial to ensure that 
the differences observed later are not due to a different 
baseline between the groups. 

Throughout the surgical procedure, samples collected 
during induction of anesthesia, cardiopulmonary bypass and 
at the end of surgery (T1, T2, T3 and T4) showed no significant 
variation in blood tests. There were no significant fluctuations 
in the blood analyses, indicating a general stability of the 
patient's condition during the intraoperative period.  

A tendency to increase glucose levels was observed, 
but this change showed no difference between the groups, 
suggesting that both responded similarly to this particular 
aspect. This trend continued in the postoperative period when 
samples were taken for laboratory analysis on the patient's 
arrival in the ICU. However, after 24 hours of hospitalization, 
the values decreased and returned to their original normal 
value. In contrast, Gholampour et al.18 showed in their study 
that glucose levels were significantly lower in the group that 
underwent primary ultrafiltration. These results were observed 
in the period after aortic clamping and at the end of CPB. 

Hyperglycemia during cardiac surgery is the result of 
many factors. Surgical trauma is one of these factors, but 
specific aspects of CPB, such as heparinization, hypothermia, 
and rewarming at the end of the procedure, also play an 
important role in elevating blood glucose. During hypothermic 
CPB, there is a marked increase in concentrations of 
catecholamines, cortisol and glucagon, triggering a cascade 
of physiological events. These events include the stimulation 
of hepatic glycogenolysis, the promotion of gluconeogenesis 
and an increase in hepatic glucose production. At the same 
time, total glucose uptake by the body decreases, while renal 
absorption of filtered glucose is increased. It is important to 
note that the presence of these hypothermic factors not only 
promotes circulating glucose, but also has an inhibitory effect 
on the activity of exogenous insulin. 23

Blood transfusions can induce acute hyperkalemia, 
causing adverse cardiovascular effects and electrophysiologic 
disturbances. Several factors such as transfusion volume and 
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rate, duration of blood storage and red blood cell irradiation 
are considered risk factors for these complications, although 
the exact risk is still unclear.24 

Sodium values showed consistent stability at all times, 
with no variations observed until the end of CPB. Even after 
arrival in the ICU and after 24 hours of IPO, sodium remained 
stable in both groups. About potassium, a significant difference 
in values was noted in the T2 period, with a slight increase in 
potassium in group 1 over group 2 [4.0 (2.9 - 5.1) vs 3.4(2.7 
- 4.6), p=<0.001], with no values outside the physiological 
curve being observed. Potassium maintained a stable trend 
during the other intraoperative periods, T3 [3.8 (2.9 - 5.3) vs 
3.8 (2.5 - 5.1), p= 0.688], T4 [3.7 (2.9 - 4.7) vs 3.8 (2.9 - 5.2), 
p= 0.461], and in the period corresponding to IPO1 [3.3 (2.7 
- 4.6) vs 3.4 (2.2 - 4.8), p= 0.914] and IPO2 [3.5 (2.6 - 4.4) vs 
3.3 (2.6 - 4.4), p= 0.065].  These findings are similar to those 
of Kohlsaat et al. 22, where potassium levels in the first sample 
collected during CPB showed lower values in the ultrafiltration 
group than in the control group and, at the end of CPB, these 
differences became balanced with similar potassium values in 
both groups.  

Differences in lactate levels were observed at the time 
of patient rewarming (T3) and the end of surgery (T4), and at 
both times group 1 had higher values compared to group 2 
[1.6 (0.9 - 3.7) vs 1.10 (0.6 - 3.8), p= 0.013], [2.2 (1.0 - 5.0) 
vs 1.5 (0.7 - 5.4), p= <0.001]. After arrival in the ICU, the 
values continued to show a difference between the groups, but 
within 24 hours of IPO, stabilization was observed between the 
groups [1.5 (1.0 - 2.3) vs 1.5 (0.8 - 4.0), p= 0.891], indicating 
that, despite the initial differences, both groups converged on 
similar values after this period. It was noted in this study that 
the group that underwent prime ultrafiltration had lower lactate 
values, while the group that did not undergo the procedure 
maintained higher laboratory lactate values until they arrived in 
the ICU. This shows that prime ultrafiltration can reduce the 
high levels of lactate present in the red blood cell concentrate, 
as well as have a positive influence on reducing hyperlactatemia 
in the results during surgery. The stability of values in the post-
operative period suggests an adaptive response or metabolic 
normalization over time. 

Median hematocrit values remained within the 
recommended target range  during cardiopulmonary bypass in 
both groups. However, some samples showed minimum values 
of 23% in group 1 [29.0 (23–36)] and 21% in group 2 [28.5 (21–
33)]. These episodes of hemodilution occurred predominantly 
during the early phases of circulation but were not associated 
with immediate clinical repercussions. Considering that, overall, 
all intraoperative measurements remained above 25%, these 
isolated variations are regarded as physiologically tolerable, 
provided they are accompanied by hemodynamic stability and 
adequate tissue oxygenation. Nevertheless, strict monitoring 
of HCT during the initial phases of CPB is essential to avoid 
critical hemodilution. Soliman et al. 25 highlight that levels 
below 25% increase the risk of neurocognitive dysfunction, 
while Ramakrishnan et al. 26 associate values close to 33% with 
improved clinical outcomes in neonates and infants. 

In short, the data shown indicates general stability in the 
parameters analyzed, with some differences in potassium and 
lactate levels at some specific times.  

 
Limitations 

It is important to note that this study did not reach the 
initial sample number calculated. This limitation was due to 
factors such as the high complexity of the cases, where many 
children did not meet the inclusion criteria. The logistics of the 
center where the research took place made it difficult to collect 
data from many patients, and the choice of only ASD, VSD, and 
AVSD Total correction procedures also influenced the study's 
limitations.  As the hospital is a public institute specializing in 
cardiovascular diseases, the demand for patients is greater and, 
concomitantly, there is a multiplicity of cases. Ideally, all patients 
undergoing surgery would have been included in the study, 
which would have helped to arrive at the calculated sample size. 
Nevertheless, despite the restriction of the study population, this 
research succeeded in achieving the general objective proposed. 
The results obtained are in line with previous studies, with results 
that correlate with ones in which the number of patients was 
higher than those studied here.  

It is worth noting that future research could focus on 
performing more detailed analyses of inflammatory mediators in 
the prime fluid before and after ultrafiltration, as well as assessing 
the initial inflammatory response during the CPB period. In 
addition, it would be valuable to investigate the effects of blood 
recirculation on the biocompatibility of the artificial surface, 
including analysis of changes in the composition and structure 
of the hemoconcentrator membranes and the CPB circuit. 
These investigations could provide insights into the underlying 
mechanisms that determine the efficacy of prime-ultrafiltration 
and help optimise its clinical application to improve outcomes. 

During surgery, median hematocrit values remained 
within the target range in both groups, with a postoperative 
increase possibly related to ultrafiltration, autotransfusion, or 
transfusions. However, due to lack of systematic records, the 
exact cause cannot be confirmed. Additionally, missing data 
on transfusions and vasoactive or inotropic support limits 
interpretation. Future studies should adopt more detailed 
protocols to address these variables. 

 
CONCLUSION 

The analysis of intra and postoperative laboratory results 
showed a general stability of blood parameters, with some 
fluctuations in potassium and lactate levels. When examining 
the clinical outcomes, the lack of significant differences in the 
duration of mechanical ventilation and ICU stay emphasizes 
the similarities in these postoperative dimensions. However, 
the observed reduction in hospital length of stay in the group 
receiving prime ultrafiltration suggests that this technique may 
help shorten the hospitalization period. In conclusion, the 
results of this study improve the understanding of initial blood 
ultrafiltration in the CPB circuit and provide valuable insights for 
future practice.
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